by 44.6 ml/year (32.5) in the irregular group (p < 0.05). The decrease in FEV 1 was greater in smokers than in nonsmokers, despite regular ICS treatment, and it was significantly greater in patients with severe asthma than in those with mild or intermittent disease. Delay in ICS initiation also affected the annual FEV 1 decrease. Conclusions: Regular ICS, introduced early when symptoms are mild, could prevent lung function from worsening significantly. Smoking should be strongly discouraged in asthma patients.
Introduction
Bronchial asthma is a chronic inflammatory disease. Since the mid-1990s, the main therapeutic strategy for the disease has been inhaled corticosteroid (ICS) treatment [1] . Regular ICS treatment can maintain a stable asthmatic status, but its discontinuation usually leads to worsening of asthma symptoms and decreased respiratory function [2] . The worsening of asthma symptoms is related to declining lung function, which results from continuous airway inflammation [3] . The commencement of ICS treatment at a very early stage of asthma can reduce the risk of a later decline in lung function [4] . Regular ICS treatment is effective in preventing the worsening of
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Abstract
Background: Bronchial asthma is mainly controlled by inhaled corticosteroid (ICS) treatment, and discontinuation of ICS treatment can worsen asthma symptoms and reduce respiratory function. However, the longitudinal impact of ICS on lung function in adult patients is unknown. Methods: To determine whether regular ICS treatment can prevent long-term lung function deterioration in adults with bronchial asthma, we recruited 167 adult asthma patients who first visited Fukuoka National Hospital in 1995 and underwent lung function tests in 1995, 1996 and 2010. Regular ICS treatment was continued in 102 patients (regular group), while 39 patients received irregular ICS treatment (irregular group). Changes in lung function were compared retrospectively between the groups. The influences of smoking, disease severity and disease duration were also analyzed. Results: The forced expiratory volume in 1 s (FEV 1 ) values increased in the regular group 1 year after the initiation of therapy, but they decreased in the irregular group. At year 15, the predicted FEV 1 % had decreased significantly more in the irregular group than in the regular group (p < 0.05); FEV 1 decreased by 28.2 ml/year (SD 24.5) in the regular group and symptoms, asthma-related deaths and hospitalization; this efficacy is long lasting [5, 6] . A long-term study of adult asthma, which lasted 15 years, from 1976 to 1994 (a period before the widespread use of ICS treatment), showed that the forced expiratory volume (FEV) decreased by 38 ml/year in asthmatics and by 22 ml/year in non-asthmatics [7] .
In a 5-year follow-up study, the number of subjects with a significant reduction in FEV in 1 s (FEV 1 ) after 5 years was lower when ICS were used regularly, compared to intermittently, although this difference was not statistically significant [8] . A 10-year follow-up study of the effects of ICS treatment revealed that the annual decrease in the FEV 1 of patients receiving ICS treatment was 25 ml/year, compared to 51 ml/year in patients not receiving this treatment. However, in that study, the diagnosis of asthma was self-reported, the ICS dosages and patient compliance were unknown, and the patients had not initiated ICS treatment before enrolling in the study.
We believe that ICS can affect the course of pulmonary function in asthma. In a 15-year study (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , we investigated the changes in the lung function of adult asthmatics whose diagnosis was definite, without other diseases, and who began ICS treatment for the first time once they were enrolled in the study. We also examined the influence of smoking, disease severity and disease duration on the efficacy of ICS treatment.
Materials and Methods
Subjects and Study Design
Asthmatic outpatients at our hospital (Fukuoka National Hospital, Fukuoka, Japan) undergo pulmonary function tests at the same time each year. Eight hundred and fifty-six adult asthmatic patients first visited our hospital in 1995. Of these, 167 patients underwent lung function tests in 1995, 1996 and 2010. Of these 167 patients, 26 patients were in an exacerbation period and were not stable; their data were excluded. The remaining 141 patients had no other respiratory, heart, infectious, or other diseases [e.g., chronic obstructive pulmonary disease (COPD), pneumonia, chronic heart failure]. Regular ICS treatment was continued in 102 of the 141 patients (i.e., the regular group; they visited the hospital regularly every 4 months and demonstrated ≥ 80% adherence to the ICS treatment), whereas 39 of the 141 patients had irregular ICS treatment (i.e., the irregular group; they did not visit the hospital and did not receive ICS treatment regularly) ( fig. 1 ) . The adherence to ICS treatment in the regular group was secured by keeping an asthma diary and maintaining the prescribed dose. Changes in the results of lung function tests and the number of treatment and severity steps, determined by GINA guidelines, were compared retrospectively between the regular and irregular groups [1] .
The study was approved by the Institutional Review Board of the Fukuoka National Hospital (Fukuoka, Japan; review No. . The study details were put on display in the hospital without receiving written consent from the participants because the study was observational (i.e., based on medical records) and did not involve any invasive procedures.
Statistical Analysis
Using t tests, various factors were compared between the regular and irregular groups in 1995, 1996 and 2010. Using the statistical analysis software StatMate III (ATMS Co., Ltd., Tokyo, Japan), the relationships between the changes and background factors were analyzed by the χ 2 test and Friedman's test. The level of significance (p value) was set at 0.05. The data are presented as the means and SDs (in parentheses).
Results
Subject Characteristics
In 1995, the age distribution ranged from 20 to 67 years old in the regular group and from 21 to 64 years old in the irregular group. The patients in the regular group visited the hospital 8. Of these 167 subjects, 26 were in an exacerbation period and were not stable; these patients were excluded. The remaining 141 patients had no other respiratory, heart, infectious, or other diseases. Regular ICS treatment was continued in 102 patients (regular group), while 39 patients underwent irregular ICS treatment (irregular group).
treatments) was 800 μg/day (380). The participants maintained asthma diaries. Their adherence to ICS treatment was nearly 100%. The irregular group patients visited the hospital only 2.2 times (2.3) per year. In 1995, age, sex, body mass index, disease duration, disease severity, type (i.e., atopic or nonatopic), and smoking status were not different between the groups ( table 1 ). The FEV 1 % predicted was higher in the irregular group than in the regular group (p = 0.03).
Fifteen-Year Changes in FEV 1
After 1 year, the mean FEV 1 % predicted increased in the regular group [from 78 (18) to 80% (18) ], but it decreased in the irregular group [from 90 (23) to 83% (18); p < 0.01]. After 15 years, the mean FEV% predicted decreased less in the regular group [to 74% (21) ] than in the irregular group [to 71% (12); p < 0.05]. The FEV 1 decreased by 28.2 ml/year (24.5) in the regular group and by 44.6 ml/year (32.5) in the irregular group (p < 0.05) ( fig. 2 a) .
Influence of Smoking Status on the Long-Term Effects of ICS Treatment in the Regular Group
In the regular ICS treatment group, the FEV 1 reduction over 15 years was 41.4 ml/year (42.5) in current smokers (n = 18) and 22.9 ml/year (21.7) in patients who never smoked (n = 60; p < 0.05) ( fig. 2 b) . There was no significant relationship between the FEV 1 reduction and the number of pack-years (r = 0.33, p = 0.19).
Influence of Asthma Severity on the Efficacy of ICS in the Regular Group
We divided the regular group into 3 subgroups, based on disease severity: (1) mildly persistent (n = 30), (2) moderately persistent (n = 33), and (3) severely persistent (n = 39). The FEV 1 % predicted values increased in all of the subgroups in the first year. However, over 15 years, the values decreased in the mildly persistent, moderately persistent and severely persistent groups by 1.2 (4.8), 6.2 (9.8) and 29.4% (29.3), respectively. The decrease rate was significantly higher in severe asthma cases than in mild asthma cases (p < 0.05); however, the mean FEV 1 decreased by 20.4 (21.8), 27.1 (32.1) and 53.9 ml/year (52.1) in the mildly persistent, moderately persistent and severely persistent groups, respectively, over 15 years. The intergroup differences were significant (p < 0.05) ( fig. 2 c) .
Influence of Disease Duration on ICS Efficacy in the Regular Group
We divided the regular group into 2 subgroups, based on disease duration: ≥ 2 years (n = 30), or <2 years (n = 72). After 1 year, both groups exhibited increased FEV 1 % predicted. However, the mean FEV 1 % predicted decreased by 7.4% (8.4) in patients with a long duration until ICS treatment commencement and by 3.6% (5.1) in the group with a duration of <2 years (p < 0.05). FEV 1 decreased over 15 years by 43.7 ml/year (43.2) in the longduration group and by 26.3 ml/year (31.4) in the shortduration group (p < 0.05) ( fig. 2 d) .
Changes in Treatment and Symptom Steps in Each Group
Over 15 years, treatment steps 2, 3 and 4 in the regular group changed from 32 to 29, from 24 to 33 and from 44 to 38%, respectively. This finding indicated little change in the dose of ICS (equivalent, beclomethasone), although the types of ICS treatment varied [e.g., fluticasone with and without salmeterol (51 and 31 patients, respectively); budesonide with and without formoterol (10 and 5 patients, respectively)]. Over 15 years, the distribution in the regular group of symptom steps 1, 2, 3 and 4 among the patients changed from 10, 25, 35 and 30 patients to 77, 17, 6 and 0 patients, respectively. This finding indicated that ICS treatment improved the patients' overall severity significantly (p < 0.01) ( fig. 3 ) . However, over 15 years, the distribution in the irregular group of steps 1, 2, 3 and 4 among the patients was 0, 13, 36 and 51 patients, indicating a worsening of severity. The number of exacerbations in the regular group was 6.7 (6.9) over 15 years, but the number of exacerbations in the irregular group was unknown. 
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Step 4 (n = 39) The influence of smoking status on the longterm effects of ICS treatment. In the regular ICS treatment group, the FEV 1 reductions over 15 years were 41.4 ml/year (42.5) in current smokers (n = 18) and 22.9 ml/year (21.7) in those who never smoked (n = 60; * p < 0.05). c The influence of asthma severity on the efficacy of ICS treatment. We divided the regular group into 3 subgroups based on disease severity: mildly persistent (n = 30), moderately persistent (n = 33), and severely persistent (n = 39).
The FEV 1 % predicted values increased in all of the subgroups in the first year, but they decreased by 1.2 (4.8), 6.2 (9.8) and 29.4% (29.3), respectively, over 15 years. The decrease was significantly greater in severe than in mild cases ( * p < 0.05). Mean FEV 1 decreased by 20.4 (21.8), 27.1 (32.1) and 53.9 ml/year (52.1), respectively, in the 3 subgroups over 15 years, and the intergroup differences were significant ( * p < 0.05). d The influence of disease duration on ICS efficacy. We divided the regular treatment group into 2 subgroups on the basis of disease duration ( ≥ 2 years, n = 30; <2 years, n = 72). Both groups exhibited increased FEV 1 % predicted after 1 year. However, the mean FEV 1 % predicted decreased by 7.35% (8.4) in patients with longer-lasting disease and by 3.6% (5.1) in the latter group ( * p < 0.05). FEV 1 decreased over 15 years by 43.7 ml/year (43.2) in patients with longer-lasting disease and by 26.3 ml/year (31.4) in the shorter-duration group ( * p < 0.05).
Other Influences on Longitudinal Changes in FEV 1
In the regular group, the patients' age, sex, body mass index, FEV 1 %, and atopic status did not cause changes in FEV 1 % predicted (data not shown).
Discussion
In this 15-year retrospective, longitudinal follow-up study of adults with well-diagnosed asthma, we found that regular ICS treatment ameliorated the course of the disease, but insufficient treatment could not suppress a decrease in pulmonary function. We also found that smoking, disease severity and a delay in starting ICS treatment worsened the longitudinal efficacy of ICS treatment.
The present survey covered the years 1995-2010, which was a period after ICS treatment became popular. As the oldest report, Lindgren et al. [9] showed the longterm effects of beclomethasone treatment on the oral steroid-dependent bronchial asthma for 1 year in 1977. The FEV 1 of regular ICS users significantly increased after 1 year, but it decreased by 28 ml/year over 15 years. However, the FEV 1 of irregular ICS users decreased by 45 ml/year over 15 years.
In a 15-year survey (1976-1994) , Lange et al. [7] documented FEV 1 decreases of 38 and 22 ml/year in study participants with and without asthma, respectively. In a 10-year follow-up study, Lange et al. [10] proved that the annual decrease in FEV was reduced by approximately 15-20 ml/year in asthmatics who received ICS. These studies suggest that the ability of ICS prevention to decrease FEV 1 was approximately 10-17 ml/year.
We emphasize that the patients in the regular group in our study included only asthmatics without COPD who demonstrated good adherence to ICS treatment. All of the patients began beclomethasone treatment for the first time on entry into the study in 1995. At the first visit, the patients in the irregular group had a normal or higher lung function than those in the regular group; however, after 15 years, the irregular group's lung function decreased to a level lower than that of the regular group. In contrast, regular inhalation treatment prevented a large decrease in FEV 1 . Regular ICS treatment changed the disease symptoms (e.g., severity) ( fig. 3 ). However, we could not determine the factors that were associated with the changes. Therefore, we must investigate this issue in a further study.
These results indicate the importance of continuous ICS treatment for a long period to maintain lung function in asthma patients. Frequent exacerbations can decrease FEV 1 [3] . In our study, 6.7 exacerbations occurred over 15 years in the regular group, but unfortunately, we did not confirm the exacerbations in the irregular group. Because damage to lung function begins at the onset of asthma, its pathological progression might be prevented through early and long-term ICS treatment.
We also found that smoking, disease severity and the delayed introduction of ICS treatment interfered with the efficacy of ICS treatment, even in the regular group. FEV 1 decreased more in smokers than in nonsmokers (41 vs. 23 ml/year, respectively). In a 19-year respiratory function survey examining the relationship between asthma and smoking, FEV 1 was lowest in asthmatics who were heavy smokers [11] . In that study, respiratory function was more severely affected with each passing year in smoking asthmatic patients than in nonsmoking nonasthmatics. Siatkowska et al. [12] reported that dyspnea, coughing, sputum production, and wheezing were correlated with the severity of a patient's smoking habit and that measurements of lung function (e.g., FEV 1 , FEV 1 % and forced vital capacity) decreased as the amount and duration of smoking increased. A study evaluating the efficacy of corticosteroids in chronic asthmatics revealed that FEV 1 improved only in nonsmokers [13] . Chalmers 100% 75% 50% 25% 0%
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Step 1 328 et al. [14] reported that smoking weakened the effect of corticosteroids in mild asthma. Smoking might notably weaken the effects of corticosteroids in patients with asthma [13, 15] .
In the current study, the decrease in FEV 1 was significantly greater in patients with severe asthma (54 ml/ year) than in patients with mild or moderate disease (20 or 27 ml/year, respectively). We similarly found that the delayed introduction of ICS treatment affected the annual FEV decrease (44 ml/year in patients with a delay of ≥ 2 years vs. 26 ml/year in patients with a delay of <2 years). Finucane et al. [16] found that decreased responsiveness to steroids was correlated with disease duration and severity in adult asthma. A 5-year follow-up study showed that a lower FEV 1 was correlated with a longer duration of illness [16] and that severe asthmatics with airflow limitation (i.e., FEV 1 % predicted <50%) had a longer duration of illness, compared to asthmatics without airflow limitation (i.e., FEV 1 % predicted >80%) [17, 18] . Cassino et al. [19] reported that asthmatics with a long illness duration had lower lung function that did not reverse to normal levels by bronchodilator treatment. This finding is consistent with our results. The severity of asthma at the time of initiation of ICS treatment might affect the subsequent decline in respiratory function. Thus, early intervention is important for preventing a severe decline in respiratory function in adult asthma patients [2, [20] [21] [22] .
The first limitation of this study is that it was performed retrospectively. However, a prospective approach would not be appropriate for this type of natural, longitudinal follow-up study. The retrospective approach is related to the second limitation: the small number of the study participants. We strictly omitted patients who had any other respiratory diseases, such as COPD or lung cancer. This patient selection criterion resulted in a highquality study. The numbers of participants in the groups were 102 and 39, respectively, which was unbalanced. This problem was statistically resolved by applying nonparametric analysis. Many patients were omitted. We selected patients with good treatment adherence to keep the study reliability high. Not analyzed in the study were the changes in a patient's ICS treatment (e.g., beclomethasone -Becotide or Aldecin -to fluticasone/salmeterol, budesonide/formoterol, fluticasone, or budesonide). We believe that this change was not a problem because the treatment steps did not change over the 15 years ( fig. 3 ).
In conclusion, ICS treatment efficacy was influenced by smoking, disease severity and the delayed introduction of ICS treatment. The early introduction of regular ICS treatment could help to prevent lung function from worsening. These findings evidently indicate that ICS treatment could change the natural course of asthma.
